Western blot (5) is a powerful tool to study the regulation of specific proteins from cell cultures or tissue extracts. The standardization of the total protein content is an essential step before the analysis of specific proteins regulated by different factors in cells or tissues. Standard protein assay procedures (1, 4) based on the colorimetric reactions are often affected by the concentration of detergent, salt, thiol-reducing compounds, chelating agents, lipids, or other components of homogenization buffers. The current methods used to estimate protein content before western analysis therefore limit our ability to compare protein expression in samples of different origin, cell culture, or tissue. Here, we describe a simple and reliable method for quantitative determination of total protein directly from the sample loading buffer commonly used for electrophoresis (2) . The proposed method of quantification works in two steps, combining two procedures published previously; extraction of proteins by methanol-chloroform-water (6), followed by staining of protein spots on nitrocellulose membranes (2) . The extraction allows the recovery of soluble and hydrophobic membrane proteins from homogenization or lysis buffers. Extracted proteins are then dissolved in the electrophoresis loading buffer and spotted on a nitrocellulose membrane to estimate protein concentration with amido black 10B before loading the sample on SDS-PAGE gel (2, 3) .
In the present report, we have applied the procedure described above to study the expression of prostaglandin H synthase 2 (Cox-2) in cell culture by western blot analysis ( Figure 2B ). Endometrial cells cultured in 24-well plates were grown to confluency and washed twice in PBS, and 200 µ L lysis buffer [10 mM Tris-HCl, pH 7.4, 1% SDS, 1 mM dithiothreitol (DTT), and 1 mM phenylmethylsulfonylfluoride (PMSF); Sigma, Mississauga, ON, Canada] were added to each well. The cell lysate was transferred to a microcap tube, and protein extraction was performed as follows: in a microcentrifuge tube (1.5 mL) containing 200 µ L lysed cells, 600 µ L methanol, 200 µ L chloroform, and 500 µ L water were added, and the tube was vortex mixed vigorously and centrifuged for 3 min. The upper phase was removed carefully with a handheld pipet and discarded, keeping the interphase (containing the precipitated proteins) and the lower phase in the microtube. A further 800 µ L methanol were added to the rest of the microtube for protein precipitation, and the vortex and centrifugation steps were repeated. The supernatant was discarded and the protein pellet dried using a SpeedVac ® (5 min). The pro - ) and nine unknown samples (duplicate) were spotted (1 µ L, 3 mm diameter) 7 mm apart on a 10 ×4 cm nitrocellulose membrane and stained with amido black 10B (insert), and the IDV was estimated with an AlphaImager using SPOT DENSO software. The average (mean of two values) of IDV was plotted against the 12 standard BSA concentrations. The unknown samples represent BEND cell proteins prepared by the extraction procedure described in the text. Each spot number corresponds to the following treatments of BEND cells in culture: control untreated cells (nos. 1, 4, and 6), cells treated with PMA,tein pellet was dissolved in 25 µ L SDS-PAGE loading buffer (0.06 M Tris-HCl, pH 6.8, 1% SDS, 1% 2-mercaptoethanol, 10% glycerol, and 0.025% Bromophenol Blue) and boiled for 3 min. Before loading the samples onto an SDS-PAGE gel, the protein content was estimated using 1 µ L sample dissolved in loading buffer spotted onto a nitrocellulose membrane (Hybond-C; Amersham Pharmacia Biotech, Montreal, QC, Canada). We have found that centrifugation of the protein samples dissolved in the loading buffer after the boiling step improved the uniformity of staining with amido black 10B (BioRad Laboratories, Mississauga, ON, Canada). Standardization of the protein content was done by spotting 1 µ L BSA (Fraction V; Sigma) dissolved in SDS loading buffer at concentrations between 0.1 and 5 mg/mL on the same membrane as the unknown samples. The membrane was dried for 5 min at room temperature, stained for 10 min with amido black 10B solution (0.1% w/v) in 45% methanol and 5% acetic acid, and washed twice for 5 min in a solution containing 90% methanol and 2% acetic acid. Finally, the membrane was air-dried and pressed between two filter papers (3 MM CHR; Whatman) for 15 min to reduce crumpling. It is possible to read the membrane wet immediately after the last wash, but it is necessary to dry it as described above to keep the membrane for further reference. The intensity of the color of the protein dots was measured using an AlphaImager ® 2000 apparatus (Alpha Innotech, Montreal, QC, Canada) equipped with the SPOT DENSO software to calculate the integrated density value (IDV). It is also possible to estimate the approximate protein content by comparing directly the color intensity of the samples with the standard curve. In the present study, to illustrate the use of the protein assay, we have chosen to use a bovine endometrial cell line (BEND cells; ATCC no. CRL-2398) in which it is possible to modulate the expression of Cox-2, a rate-limiting enzyme involved in the production of prostaglandins. For the purpose of the validation procedure, nine different protein samples were prepared from BEND cells grown to confluency in 24-well plates and treated for 24 h with phorbol 12-myristate 13-acetate (PMA) (10 nM and 100 nM; Sigma), tumor necrosis factor (TNF α , 1 nM; Sigma) or Prostaglandin-E2, -F2 α , or D2 (40 ng/mL; Sigma). Following treatment, cells were harvested, and proteins were extracted, spotted on a nitrocellulose membrane, and stained as described above. Two different BSA standards were prepared separately and spotted on the same nitrocellulose membrane as the unknown cell samples. Protein concentration of unknown samples was determined by plotting IDV against the standard BSA concentrations ( Figure  1) . The results are typical of a logarithmic progression with increasing BSA concentrations with a correlation coefficient of 0.98. Once the protein concentration for each sample was determined, an equivalent protein quantity (10 µ g by lane) was loaded on a 12% SDS-PAGE gel. As presented in Figure  2A , Coomassie Blue ® staining reveals a well-equilibrated protein profile following electrophoresis. Western blot analysis of the samples standardized by our procedure demonstrated clearly that Cox-2 protein (seen as a doublet at 72 kDa) levels were regulated following a pattern closely matching the effect of the corresponding treatments on PG production ( Figure 2B ).
The same procedure was used to estimate the protein content of samples prepared from fresh endometrial tissues. The bovine tissue was homogenized with three strokes of Polytron tissue disintegrator (15 s each) on ice in three volumes of cold homogenization buffer (20 mM Tris-HCl, pH 7.5, 1 mM EDTA, 10% glycerol, 1 mM PMSF, and 1 mM DTT; Sigma). The protein extraction step for tissue homogenates was the same as previously described for cell cultures, except that 2-10 µ L total tissue homogenate diluted to 200 µ L with homogenization buffer were used. It is important to note that this volume should be adjusted depending on the tissue studied and the volume of homogenization buffer used. The extracted endometrial proteins were dissolved in SDS loading buffer, spotted on a nitro - The protein content of the nine samples described in Figure 1 was estimated, 10 µ g protein were loaded on a 12% SDS-PAGE gel and stained with Coomassie Blue R-250. (B) Another identical gel with the same protein samples (10 µ g/lane) was used for protein transfer on a nitrocellulose membrane and analyzed by western blot using a rabbit polyclonal antibody specific to Cox-2 (Merck 243). The membrane was blocked overnight (4°C) with 5% non-fat milk (BLOTTO) in PBS-Tween ® 20 (0.05%), then incubated for 1 h at room temperature with the antibody (dilution 1/3000) in PBS-Tween 20 with 1% BLOTTO, followed by three washings in PBS-Tween 20 (10 min each). The membrane was then incubated for 1 h at 22°C with a second goat anti-rabbit antibody conjugated to horseradish peroxidase (Jackson Immunoresearch Laboratories) diluted 1/1 0 000 in PBS-Tween 20 with 3% BLOTTO followed by three washes (10 min) in PBS-Tween 20. The chemiluminescence signal was analyzed with an autoradiography film (2 min exposure) after treatment of the membrane with Renaissance reagent (NEN).
cellulose membrane, and stained with amido black 10B for standardization before loading on SDS-PAGE gel. Western blot analysis of Cox-2 in tissue samples revealed a clear modulation during the estrous cycle, showing the same image quality (results not shown) as was found in cell cultures. The protein quantitation proposed here offers the opportunity to determine the protein concentration in samples dissolved in SDS-PAGE buffer with no need to measure optical density by spectrophotometry. The protein extraction step allowed the elimination of interfering substances frequently found in cell lysates or tissue homogenization buffers and responsible for poor resolution in electrophoresis (1, 4) (1, 3) . Cells with an undefined budding pattern are said to bud in a random fashion, and their frequency depends on the genotype and the strain background (1, 3) . The budding patterns are affected by mutations in a variety of proteins, such as those related to the cytoskeleton, to signal transduction pathways, etc. (5) . Phenotypic characterization of a novel mutation often requires the assessment of the budding pattern (6,7), routinely determined by fluorescence microscopy, following staining with Calcofluor White (Sigma, St. Louis, MO, USA) (1, 3) . Less commonly, the budding pattern is determined by observing the relative orientation of cells and buds in microcolonies (1). Calcofluor allows the visualization of chitinrich scars at the sites of previous cytokinesis, revealing the budding history of the cell. However, because this method of assessing the budding pattern requires staining, several washings, and fluorescence microscopy, we propose a method for a rapid, preliminary evaluation of unstained cells by standard microscopy. 
